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Sex differentiation in Tigriopus japonicus Mori (Harpacticoida; Copepoda) 
had been studied by Takeda (1939, 1941a, 194ib and 1948) and Egami (1950). 
Takeda concluded that the sex ratio is influenced by the speed of individual growth, 
namely the growth rate of larvae causes the increase or the decrease in the ratio 
of the male, the sensitive period being around the nauplius VI. These facts are 
observable notwithstanding the nature of the agents used for regulation of growth 
speed, which is affected by the physiological conditions (Takeda 1948). Egami 
(1950) observed that among the reagents used by Takeda only bivalent heavy 
metals and chloretone showed a slight effect upon the sex ratio, and that the 
endogenous genetiG faCtor determined the expected sex ratio in the early stage of 
the development·. Namely, the expected sex ratio can be changed parallel with 
the speed of the individual growth. 
Recently the writer observed that the salinity of the culture media shows a 
remarkable effect on the growth rate, which can be changed twice in 80 per cent 
sea water in comparison with 10 per cent sea water. The present experiments 
were carried out to ascertain whether the speed of growth controlled by the salinity 
has a direct effect on the sex ratio of Tigriopus. 
I express my hearty thanks to Professor Mutsuo Kato for his supervision 
throughout this work and to Professor Isao Motomura for his encouragement and 
critical reading of the manuscript. 
MATERIAL AND METHODS 
Material nsed was Tigriopus japonicus Mori collected in May, 1958 from the 
tide pool at Matsugahama, Miyagi Prefecture. The animal was successively 
cultured in the laboratory at 25'C. The culture medium was prepared by mixing 
1) Contributions from the Marine Biological Station of Asamushi, Aomori Ken, 
No. 273. 
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natural sea water and Herbst's artificial sea water in the ratio of 1 : 20, being cont-
rolled to the salinity of Pacific sea water in chlorinity 18.70 per mill. Dry powder 
of marberry leaves was used as the diet. Newly prepared culture medium of pH 
8.4 became slightly acidic until pH 7 by adding the diet. The culture medium was 
changed every three days. The above-mentioned culture medium was used as the 
standard 100 per cent solution, and was diluted with distilled water or concentrated 
by adding salts in the same ratio of Herbst's artificial sea water. 
The adult female carries one ovisac in each individual. The ovisac is dark 
green at the beginning and becomes red when the eggs reach to the first stage of 
nauplius. In each experiment five ovisacs · containirig nauplii were used as a set, 
and cultured in the experimental condition. Sloughes floating in the culture media 
were collected every day and the growth speed as well as the stage of development 
were observed. Numbers of adult females and males were counted when the 
animals reached the adult stage. In the course of the present experiment the 
mortality was observed, although it was negligible. To avoid the effect of 
mortality on the sex ratio, only the sets of experiments, in which all individuals 
counted at the time of hatching from the ovisac remained alive, were used as the 
data. 
OBSERVATIONS 
It has been reported by Fraser (1936) that in Tigriop2ts f"lv2ts five stages of 
nauplius and six of copepodid are recognized. Contrary to this, in Tigriopus 
]aponicus six stages of nauplius and six of 'copepodid are observed, in accordance 
with other Harpacticoida Copepodes. Sexual dimorphism appears in the fourth 
copepodid stage. Copulation is successful between the adult male of the sixth 
copepodid stage and females of the fourth copepodid or later stages. 
(1) Seasonal change of sex ratio in the tide pool; The writer reported on the 
natural population of Tigriop"s that in summer the males dominated over females 
when the population growth reached the maximum and that the sex ratio was 
reversal when it was decreasing after the top level, according to the conditions 
of tide, temperature or salinity of the tide pools observed (Igarashi 1959). 
In the present qbservation remarkable seasonal changes of sex ratio was observ-
ed (Fig. 1). Namely, in mid-autumn the sex ratio was yarying widely according 
to the pool types, as in the cases in summer. On the contrary, in late autumn 
the females dominated over the males irrespeCtive of the pool types. In winter, 
only adult females were observed. In the next early spring the population con-
tained adults as well as larvae of various stages as the result of reproduction of the 
females remaining over the winter. These phenomena of sex ratio in winter were 
to be concluded that the animals of various ages other than adult female were 
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Fig. 1. Successive change of sex ratio in winter popUlation in per 
cent. N : nauplius periods. C : copepodid periods from I to III. A : 
copepodid periods from IV to VI. Histogram : sex ratio; white and black 
colmns are male and female respectively. 
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The above-mentioned fact in winter contradicts the hypothesis of sex reversal 
proposed by Takeda in the experimental conditions, because the adult females show 
a strong tolerance· against the environmental conditions, such as low temperature 
or remarkable changes in salinity. 
(2) Control of growth rate : The growth speed of animals can be controlled 
by changing the concentration of the culture media. As shown in Fig. 2, the larvae 
reached the stages of the end of nauplius, adult male and female, three, seven 
and eight days after hatching in the solution of 80 per cent concentration respec-
tively, while in 10 per cent solution the duration of development up to the above 
mentioned stages were six, 12 and 14 days. Namely, the growth speed was highest 
in 80 per cent solution, and decreased gradually by increasing or decreasing the 
concentration up to 160 per cent or down to 10 per cent solution, which was the 
lower limit for the normal development without showing remarkable mortality. 
(3) Sex ratio; As mentioned above the growth rate was easily controlled by 
changing the salinity of the culture media. The sex ratio was counted at the end 
of two weeks when all individuals became adult even in the case of slow develo-
pment in 10 per cent solution. Two groups of experiments were carried out in 
September (A) and Nobember (B) in 1959 (Fig. 3). 
In the group (A) the sex ratio was not changed notwithstanding remarkable 







20 60 80 100 J40 180 
Salinity 
Fig. 2. The growth rate of the animal in various concentrations 
of the solution. Oridinate; duration of development in days till the 
copepodid period, adult male and female. Abscissa ; concentration 
of solution in per cent of standard sea water. 
case males and females were nearly equal in number, without showing significant 
difference from 50 per cent females in total individuals by fiducial limit in 90 per 
cent. 
In the group (B), contrary to the former group, males were dominant up to 
80 per cent of the total individuals throughout the whole sets of this experiment. 
However, the results showed that the sex ratio was not changed by the difference 
in the salinity of the culture media, as in the cases ·of the former group. As to the 
difference of sex ratio between the former and latter groups, it is reasonable to 
assume the factors other than the growth rate controlled by changing the salinity. 
The other groups of experiments carried out from August till December equally 
showed a stable nature of the sex ratio irrespective of the salinity, although the 
ratio was different according to the groups. 
(A) 
100 
1 • T T T l T 
50 I I T ' T 1 T 
"* e
0 r1! t 
·~ 
0 Intermediate 
0 l (B) ., 
• 100 "' 
50 




10 20 60 80 100 140 180 
Salinity 
Fig. 3 The relationship between salinity and sex ratio. Abscissa; 
concentration of solution in per cent of standard sea water. Ordinate; 
per cent of females in total individuals, (A) Experiment performed on 
September in 1959. (B) Experiment on November in 1959.' 
DISCUSSION 
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In the pre!ient experiment the author observed that the speed of growth is 
easily controlled by changing the salinity of the culture media in Tigriopus 
japonicus and that the animal develops normally between 160 to 10 per cent con-
centrations of standard sea water. 
Takeda reported that the sex ratio is changeable in relation to the sp:ed of 
growth, when the rate is affected by adding KClO,, KCl, chloretone, chloralhydrate, 
diodthyrosine, and high temperature. On the other hand, ·Egami observed that 
Li, Mg, and Cu ions and chloreton show the effect with the tendency to increase 
the females in a slight extent. Contrary to these, the above-mentioned results 
showed that the retardation of the growth has no effect in sex ratio, when it 
is inhibited by diluting or concentrating the culture media. Accordingly, it can 
be concluded that the growth rate itself has no direct relation on the sex ratio. 
If the results of experiments reported by Takeda and Egami are correct, they 
suggest the specific action of reagents on the sex ratio as well as on the growth 
speed. 
As mentioned above, the sex ratio differ widely according to the season in 
natural populations as well as in the groups of experiments. In the former case, 
the difference of susceptibility to the environmental factors, especially in winter, 
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is suggested. In the latter case, the fluctuation of the ratio will be caused by the 
history of the stock culture, genetic factor and other unknown factors, although 
the ratio is unchangeable by changing the growth rate with the concentrations of 
sea water. Egami suggested the role of genetic factor in the sex ratio from his 
observations, that the sex ratio shows a remarkable difference even in the controls 
of experiments; As far as the writer is aware, genetic analysis of Tigriopus has 
not hitherto been reported. 
SUMMARY 
Seasonal changes of sex ratio and the effect of salinity in the growth and sex 
ratio was reported. 
1. Remarkable seasont;tl changes of sex ratio were observed. In winter, only 
the adult females remained. In the next early spring the population contained 
adults as well as of various growth stages as the result of reproduction of females 
tiding over the winter. 
2. The growth rate of animals can be controlled by changing the concentra-
tion of the culture media. The growth rate was highest in 80 per cent solution, 
and decreased gradually by increasing or decreasing the concentration up to 160 or 
down to 10 per cent solution, which was the lower limit for the normal development 
without showing remarkable mortality. 
3. A stable nature of the sex ratio was shown irrespective of the salinity, 
although the ratio was different according to the groups of experiments. 
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